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Metallurgy  has  had  a  long  history  in  our  country.  Our  ancestors  made 
outstanding  contributions  in  "Wiis  field  toward  the  civilization  of  mankind 
since  time  immemorial.  However,  because  the  feudal  system  lasted  in  our 
country  for  more  than  two  thousand  years,  production  did  not  move  forward, 
and,  as  a  consequence,  ancient  science  and  technology  were  not  developed 
to  the  extent  possible.  During  the  last  hundred  years,  our  country  was 
left  even  farther  behind  becavise  of  imperialistic  oppression. 

After  Few  China  was  established,  under  the  correct  leadership  of  the 
Party,  in  line  with  the  policy  of  developing  basic  industries,  learning 
from  the  advanced  experience  of  the  Soviet  Union,  and  getting  assistance 
from  the  Soviet  Union  and  other  brother  countries,  we  established  our  own 
metallurgical  industry.  In  ten  years,  steel  production  has  been  raised 
from  the  1^3,000  metric  tons  in  19U9  to  12,000,000  tons  this  year,  and 
the  nonferrous  metal  industry  has  been  developed  to  sizable  proportions 
from  a  very  weak  base.  The  work  in  metallurgical  science  and  technology 
has  been  primarily  oriented  around  raising  production  and  meeting  the  needs 
of  rapid  progress  in  industrial  construction.  The  progress  and  achieve¬ 
ments  in  our  country's  metalliirgical  science  and  technology  during  the 
last  ten  years  are  discussed  below  from  different  approaches. 


A.  Coordinated  Utilization  of  Resources 


To  meet  the  needs  for  constructing  a  new  iron  and  steel  base,  we 
have  made  investigations  on  a  certain  type  of  iron  ore  containing  fluorine. 
This  type  of  iron  ore  contains  rare  earth  minerals  and  flourite.  Tlie 
deposits  in  question  have  many  special  characteristics  with  regard  to 
geological  structure,  origin  of  ore  bodies,  and  composition  of  minerals. 
'Yorkers  engaged  in  ore  beneficiation  established  three  types  of  flow¬ 
sheets  to  solve  the  milling  problems.  The  methods  are  magnetic  separa¬ 
tion  combined  with  flotation,  roasting  followed  by  magnetic  separation  in 


J 


combination  with  flotation,  and  reverse  flotation.  In  each  process,  the 
iron  concentrate  made  contains  60*^  Fe  or  better,  recovery  is  more  than 

and  fluorine  content  is  reduced  to  about  1^.  Thus,  smelting  speci¬ 
fications  are  met. 

The  smelting  of  fluorine-bearing  iron  ore  is  a  new  technique  in 
metallurgical  practice.  Therefore,  a  whole  series  of  metallur^cal  tests 
must  be  made  in  large  industrial  scale  blast  furnaces.  Blast  furnace 
tests  indicate  that  most  of  the  fluorine  in  the  ora  enters  into  the  slag 
with  the  affect  of  raducing  the  viscosity  and  melting  poJjit  of  the  slag; 
thus,  a  hi^ly  basic  slag  is  permissible  in  blast  furnace  operations  on 
this  t  of  ore.  '"^e  discovered  that  the  presence  of  fluorine  has  little 
effect  on  the  distribution  of  sulfur  in  the  slag  and  iron  melt.  By 
raising  the  basicity  of  the  slag  under  appropriate  smelting  conditions, 
the  sulfur  in  the  pig  iron  produced  can  be  cut  down  greatly  while  main¬ 
taining  smooth  blast  furnace  operations. 

Investigations  on  the  corrosion  effect  on  refractory  materials  of 
blast  f’omaces  by  fluorine-containing  furnace  gases  and  fluorine -containing 
slag  sho^r  that  the  behavior  of  flourine  materials  is  rather  complicated 
during  blast  furnace  operations .  ^^en  the  temperature  in  the  blast  fur¬ 
nace  div>ps  to  the  vicinity  of  1,000°C,  the  fluorite  in  the  iron  ore  de¬ 
composes  markedly  to  form  HF  which  rises  through  the  charge  with  the  fuav 
nace  gases;  on  ascending,  part  of  the  HF  is  than  adsorbed  by  the  rela¬ 
tively  cool  lime  or  limestone  and  follows  the  charge  down  again.  T%en 
the  iron  ore  and  other  fluorine-containing  furnace  charge  materials  de¬ 
scend  to  the  slag  forming  zone,  the  fltiorine  materials  first  enter  the 
melt  and,  then  when  the  temperature  rises,  escape  with  other  materials 
formed  and  once  more  ascend  with  the  blast  furnace  gases  upward  through 
the  charge.  It  is  th\is  seen  that  the  corrosion  effect  of  fluorine  ma¬ 
terials  on  the  blast  furnace  linings  varies  with  the  different  positions 
in  elevation,  ^“'hen  the  HF  content  of  the  furnace  gases  is  less  than 
0,1'^  and  when  the  temperature  is  between  500  and  900°C,  the  corrosion 
effect  of  fluorine  materials  on  alumina-silicate  refractories  is  very 
small.  The  rata  of  corrosion  of  fluorine-bearing  molten  slag  on  refrac¬ 
tory  linings  is  related  according  to  an  index  formula  with  the  rise  in 
temperature;  however,  for  molten  slag  containing  less  than  lO^K  fluorine, 
the  higher  ihe  alumina  content  of  the  refractory  the  less  the  dissolving 
or  corrosion  affect.  Corrosion  by  CaF2  on  various  grades  of  high-alumina 
brick  starts  to  become  severe  when  the  temperature  exceeds  1,200°C.  Ex¬ 
periments  in  large  size  blast  furnaces  indicate  that  even  high-alumina 
brick  cannot  prevent  corrosion  by  fluorine-containing  molten  slag  and 
therefore  carbon  bi*ick  must  instead  be  used. 


In  the  investigations  on  coordinated  utilization  of  fluorine-bearing 
ijTon  ores,  methods  have  also  been  devised  ^rith  regard  to  processes  and 
techniques  to  extract  or  recover  rare  earth  alloys  from  tailings  and 
blast  fTimacQ  slag.  The  question  of  separating  vaidous  rare  earth  ele¬ 
ments  has  also  been  studied. 

In  treating  oxide  cooper  in  copper-bearing  iron  ore,  the  fluidized 
bed-sulfate  roast-hydromatallurgical  method  is  used;  the  copper  in  the 
final  solution  is  precipitated  by  iron  and  over-all  copper  recovery  is 
more  than  80*^.  Another  method  is  the  chloridizad  roast  so  as  to  cause 
the  volatization  of  copper;  90^  of  the  copper  can  be  volatiled;  however, 
the  solidification  and  recovery  copper  chloride  on  an  industrial  scale 
must  still  be  further  investigated. 

Our  coxmtry's  vanadium  and  titanium-bearing  iron  oras  are  vary  ex¬ 
tensive.  The  rational  utilization  of  certain  types  of  vanadium  and 
titanium-bearing  iron  oras  has  already  been  solved.  Investigations  are 
now  being  made  on  other  t3T5e3  of  vanadium- titanium-iron  resources. 

To  enable  more  economic  and  rational  utilization  of  laan  iron  ores, 
investigations  ara  being  made  in  our  country  on  a  special  roasting  fur¬ 
nace  embodying  the  combined  principle  of  conducting  heat  in  the  dilute 
phase  and  causing  reaction  in  the  concentrated  phase.  Praliminary 
studies  show  that  for  35*^  Fe  hematita  iron  ore  from  Anshan  processed  by 
the  above  d ascribed  magnetizing  roasting  method,  a  magnetic  separation 
concentrate  analyzing  65'^  Fe  can  be  produced  at  an  iron  recovery  rate 
of  90*^. 

To  solve  the  problem  of  ores  containing  relatively  high  and  vari¬ 
able  quantities  cf  pic-sphorus ,  our  country  started  to  develop  the  technique 
of  usi  .g  the  si’e  blowo  basic  converter  to  smelt  steel  soon  after  the 
liber.’ V.  on.  As  c.  result  of  several  years  of  experience,  we  have  made 
many  Iriprc'/emci'.vs  bct'u  in  the  structure  and  in  the  operations  of  the 
converter.  Pig  iron  containing  0.2-1, 6^  phosphorus  can  be  processed  into 
steal  that  meets  specifications. 

In  the  field  of  refractory  materials,  high  alumina  brick  is  being 
used  to  an  increasing  extent  because  of  the  existence  of  extensive  re¬ 
sources  of  alvuninous  materials,  when  high  alinnina  brick  is  used  for  the 
tops  of  electric  furnaces,  it  lasts  several  times  longer  than  silica 
brick,  We  have  drawn  many  conclusions  from  oiw  investigations  on  the 
manufacture  of  high  alumina  brick.  The  burning  together  of  the  aluminous 
materials  to  make  refractory  brick  is  intimately  related  to  the  M2OJ 
content  and  the  Al203/Si02  ratio,  and  the  amount  of  secondary  Mo-lai 
stone  formed  has  a  definite  effect  on  the  sintering  reaction.  The  exist¬ 
ence  of  small  quantities  of  iron  and  titanium  oxides  accelerates  the 
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burning  together  of  the  aluminous  materials;  the  temperature  needed  to 
make  the  refractory  brick  is  lower  when  the  aluminous  materials  are  in 
fine  or  broken  form.  Another  achievement  with  regard  to  refractory  ma¬ 
terials  is  th?  us  9  of  alumina -magnesia  brick  in  place  of  chrome-magnesia 
brick;  this  substitution  helps  to  relieve  the  present  shortage  of  chrome 
ores  in  our  country.  Through  the  use  of  alumina-magnesia  brick,  the 
furnace  top  linings  of  the  stationary  top  medium-size  open  hearth  fur¬ 
nace  lasted  as  much  as  623  heats  and  the  furnace  top  linings  of  the 
"inclined  moving"  Suspended  arch?7  top  large  size  open  hearth  furnace 
lasted  as  much  as  ^20  hjats;  thus7  the  effectiveness  of  alumina -magnesia 
brick  aonroaches  that  of  chrome-magnesia  brick.  In  order  to  stabilize 
and  imerove  the  quality  of  alijm''jia -magnesia  brick,  we  have  systematically 
studied  various  techniqiies  and  constituents  as  affecting  the  character¬ 
istics  of  the  alumina-magnesia  brick.  ’Vo  investigated  the  effect  of 
adding  spinal,  the  comnosition  and  changes  of  the  alumina-magnesia  brick 
during  use,  and  the  main  causes  for  the  corrosion  of  the  brick.  From 
all  these  investigations,  we  determined  the  rational  technique  for  making 
suitable  alumina-magnesia  bricks. 

In  the  field  of  nonferrous  metals,  we  used  to  recover  only  copper, 
lead,  and  zinc  from  complex  sulfide  ores  containing  copper,  lead,  zinc, 
iron,  etc.,  while  ignoring  other  recoverable  values.  The  approach  has 
been  different  since  the  liberation,  ’’'e  strengthened  analytical  woric, 
improved  operational  flov/sheets,  and  made  careful  investigations  on 
processing  various  types  of  primary  and  waste  materials,  including  crude 
ore,  tailings,  mine  dumps,  flue  d\ist,  furnace  slag,  slimes,  intermediate 
products,  rejected  solutions,  and  return  solutions.  This  work  has  enabled 
us  to  produce  greater  quantities  and  varieties  of  rare  metals,  paid 
particular  attention  to  ore  type  and  co-existing  minerals,  adopted  many 
coordinated  beneficiation  methods,  established  flowsheets  combining 
milling  with  hydrometallurgy,  solved  problems  of  many  complicated  min¬ 
erals  from  a  viewpoint  of  an  integrated  approach  toward  recovering  all 
the  useful  values,  and,  at  the  same  time,  were  able  to  improve  the  re¬ 
covery  of  the  metals  previously  extracted.  For  example,  from  tungsten 
ores,  we  are  recovering  molybdenite,  bismuthinite ,  chalcopyrite ,  cassiter- 
ite,  scheelite,  pyrite,  and  other  useful  constituents.  Similarly  frfxn 
tin  ores  we  are  recovering  l^af,  copper,  tungsten,  ijron,  zinc  and  other 
metals.  Fair  success  has  also  been  achieved  in  other  fields,  and  we  are 
continuing  investigations  on  the  integrated  approach  for  recovering  all 
useful  values,  with  regard  to  smelting  and  refining,  wa  can  say  that 
from  smelting  and  refining  of  copper,  lea^,  zinc,  and  tin  alone,  eighteen 
useful  materials  are  being  recovered  at  present. 

In  the  field  of  smelting  and  refining  of  light  metals ,  it  was  neces¬ 
sary  to  find  new  processing  methods  to  treat  the  types  of  aluminous  ores 
found  in  our  country,  which  belong  to  the  hard-to-dissolve  category 
(mostly  diasporic)  with  silica  content  as  high  as  17^.  As  a  resvilt  of 
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investigations,  we  finally  decided  to  adopt  the  chain-connected  combina¬ 
tion  method  to  process  the  aluminous  ores.  The  method  involves  the  use 
of  concentrated  caustic  solution  olus  lime  as  accelerating  reag?nts, 
dissolving  on  the  principle  of  the  Ba^er  Process  but  at  26  atmospheric 
nressures,  and  processing  the  residue  by  sintering;  a  alumina  re¬ 
covery  has  been  achieved  by  this  method.  The  reasop  •yhy  sintering  is 
an  important  step  in  treating  high  silica  raw  materials  is  .that  the  low 
solubility  calcium  silicate  formed  by  the  limestone  afid  silica  in  the 
aluminous  ore  is  utilized  to  avoid  the, large  losses  rif  soda  and  alumina 
which  normally  result  from  the  conventional  Bayer  Pj?oceSa  as  applied  to 
high  silica  aluminous  ores.  Hovrever,  the  calcium  silicate,  after  the 
cook -id  material  is  dissolved  out,  can  have  a  secondary  reaction  with  the 
sodium  aluminate  solution  to  cause  losses  in  alumina  and  sodium  oxide. 
Therefore,  we  investigated  the  problem  of  how  to  minimize  or  prevent 
the  secondary  reaction  mentioned  above.  Wg  found  that  the  main  product 
or  derivative  from  the  secondary  reaction  is  hydrated  garnet,  which  has 
the  formula  3CaO.Al2C^ .nSi02(6-2n)H2'^;  in  addition,  some  sodium  aluminum 
silicate  (^’320. Al2f^^.ra3i02 .01^20)  is  formed,  ’^en  the  concentration  of 
the  dissolved  solution  with  respect  to  sodium  hydroxide  and  sodium  car¬ 
bonate  ion  content  is  reduced,  the  red  mud  particles  have  a  tendency  to 
coagulate  so  as  to  cause  an  increase  in  precipitate  volume  and  slow  down 
secondary  reaction.  The  above  exparimonts  show  that  vrhen  the  cooked 
material  is  dissolved  out  in  two  parts  and  the  caustic  soda  ration  in 
the  sodium  aluminate  solution  is  reduced  to  about  1.2'?,  a  secondary  re¬ 
action  is  almost  stopped.  Calculating  on  the  basis  of  the  residue 
finally  rejected,  the  net  amount  dissolved  reaches  92-93'^* 


P .  Strengthening  Operational  Procedures  to  Baise  Production 

The  accomplishments  resulting  from  strengthening  ferroxis  and  fer¬ 
roalloy  metallurgy  are  clearly  shown  in  the  steady  rise  of  utilization 
coefficients  for  blest  furnaces,  open  h.earth  :f’umaces,  and  electric 
furnaces . 

During  19^1,  the  national  average  utilization  coefficient  for  medium 
and  large  size  blast  furnaces  was  1,603;  by  1953  the  figure  had  risen  to 
l.ii37,  and  for  some  advanced  units  such  as  the  Pen-hsi  Iron  and  Steel 
Company  blast  furnaces  the  utilization  coefficient  was  maintained  at 
above  2,1  for  the  whole  fourth  quarter  of  1958,  and  was  raised  to  above 
2.iii^  in  May  of  1959*  The  technical  measures  to  strengthen  blast  furnace 
sm.ilting  were  generally  along  these  lines:  improve  the  preparation  of 
the  raw  materials,  including  oven  mixing  of  the  charge,  charging  or 
loading  according  to  material  size,  making  of  ball-shaped  pellets,  in¬ 
troducing  self -agglomerating  sintered  ore,  etc.;  employ  the  top  of  the 
furnace  for  regulatory  purposes;  introduce  the  system  of  using  more 
draft  and  at  higher  temperatures;  moisten  the  air  blovm  in  to  a  greater 
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3Xt3nt}  adopt  high  pressure  techniques j  and  improve  the  slag  formation 
systems.  However j  the  main  reason  ’.vhy  our  country's  blast  furnace  have 
been  able  to  achiave  outstanding  results  is  that  vre  have  mastered  the 
t -ohniques  related  to  the  above  described  measures,  '"■'^e  dared  to  raise 
the  draft  temperature  and  volume  and  lncro''se  the  smelting  intensity; 
we  also  made  improvements  along  all  other  lines;  as  a  result,  blast 
furnace  operations  have  been  very  smooth  and  the  coke  consumption  ratio 
has  been  reduced .  Results  prove  that  wc  have  taken  the  correct  approach 
toward  raisihg  output  in  blast  furnaces.  At  the  present  time,  oui' 
country’s  high  production  blast  furnaces,  such  as  ^en-hsi,  Anshan,  Tai¬ 
yuan,  etc.,  are  all  employing  a  ■'"ind  or  draft  temperature  of  about  1,000°C* 

Past  experience  has  sho”'n  that  when  greater  quantities  of  air  are 
introduced  to  normally  operating  bl'>st  furnaces ,  an  overblown  phenomenon 
often  results  so  that  steady  operations  are  disrupted,  charges  might  be¬ 
come  suspended,  and  furnace  abnormal  growths  might  occur.  Raising  the 
temperature  of  the  dry  air  might  cause  the  combustion  zone  to  become 
smeller  and  the  slag  formation  zone  to  be  lovrered  avith  the  result  that 
steady  operations  might  also  be  disrupted.  At  the  same  time,  the  coke 
consumption  ratio  might  rise  when  the  smelting  intensity  is  increased. 

For  the  reasons  described  above,  there  are  definite  limit-’tions  in  the 
intmsity  of  smelting  for  blast  furnaces,  which  was,  in  the  past,  1.1 
for  large  blast  furnaces  and  1.2  for  small  blast  furnaces.  Prior  to 
1957,  the  conditions  for  preparing  the  charge  and  the  techniques  related 
to  blast  furnace  smelting  in  our  country  vrore  affected  by  the  above 
described  limitations.  In  the  great  leap  for/rard  of  1953,  our  country's 
blast  furn-aca  workers  made  further  improvements  on  preparing  the  raw 
materials  for  blast  furnace  operations  according  to  the  principle  of 
incraasa  of  air  must  correspond  with  ease  of  air  passage  in  the  charge; 

W3  ^73re  able  to  increase  the  smelting  intensity  v/hile  mrcintaining  suc- 
cessfial  normal  operations.  In  actual  practice,  after  the  smelting  in- 
t;nsity  is  raised  to  a  new  level,  wo  then  look  for  conditions  that  make 
for  the  lo’-’^est  coke  consumption.  In  this  manner  smelting  intensity  can 
be  steadily  raised,  and,  when  conditions  are  right,  coke  consumption  can 
be  lowered.  For  example,  the  Pen-hsi  blast  furnaces  had  the  smelting 
intensity  gradually  raised  from  1.013  in  1957  to  1.I;-,15  in  1953  (the 
furnace  utilization  coefficiant  was  raised  33.8'^);  nonetheless,  the  coke 
ratio  was  reduced  10, 6^^.  Again  for  example,  the  Taiyuan  blast  furnaces 
had  the  smelting  intensity  gradually  raised  from  1,003  in  1957  to  1,201 
in  1958  (the  furnace  utd.lization  coefficient  Wcas  raised  33«8t);  nonithe- 
less,  the  coke  consumption  ratio  was  lowered  15.7'^. 

The  experiance  on  blast  furnace  operations  since  the  leap  foneard 
shows  that  as  the  smelting  intansity  is  raised  the  air  velocity  was  also 
increased.  Howev  r,  when  the  draft  is  too  rapid  and  intense,  a  bad 
distribution  of  coal  gas  will  result;  it  is  necessary  to  regulate  the 
gas  in  the  top  and  bottom  parts  of  the  bl^st  furnace  very  carefully  to 
assure  efficient  smelting.  At  the  Pen-hsi  Iron  Smelting  Plant,  by 
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incroasing  tho  diimotar  of  th’  air  opaning  or  tuyoro,  which  had  the 
off3ct  of  reducing  the  speed  of  the  inflo”’  of  air  so  that  the  coal  gas 
distribution  became  more  even  in  the  furnace,  the  smelting  intensity 
’■’as  raised  from  1.333  to  l.'^ii?.  For  a  blast  fumac?  of  the  Taiyuan 
Iron  ■'nd  Steel  Company,  through  reducing  the  weight  of  each  charge, 
changing  the  loading  systems  fob  the  charge  in  order  to  regulate  the 
air  circulation  in  the  corner  parts,  and  gradually  adding  more  self- 
agglomerating  sintered  ore,  the  smelting  intensity  has  been  raised  to 
more  than  l.Ij.  ’*niile  incroasing  the  temperature  of  th?  dry  air,  the 
vol’erae  of  coke  can  be  correspondingly  increased  to  help  absorb  the  ad¬ 
ditional  heat  brought  in'to  the  furnace  by  the  hot  air.  ^xp’rience  has 
sho’’n  that  the  measures  described  not  only  improve  blast  furnace  opera¬ 
tions  but  also  ’^ill  reduce  the  coke  consumption  ratio. 

'^ith  regard  to  ste'l  refining,  the  national  average  utilization 
coefficient  has  been  raised  from  h.6  in  1952  to  7.81  in  1953 j  for  the 
advanced  Shang-kang  san-ch*ang  Shanghai  Iron  and  Steel  Comp''ny  3 
Plant?/,  the  utilization  coefficiant  of  the  open-hearth  furnaces  reached 
as  high  as  13.0.  The  national  average  utiliz'‘tion  coefficient  for  cold- 
charged  electric  furnaces  ■''r.as  6.6?  in  1952,  17  in  1957,  and  22.6  in  1958 
for  the  advanced  Dairen  Steel  '°lant,  this  coefficient  ’"as  more  than  30. 
Measures  to  increase  production  in  open  hearth  and  electric  furnace 
operations  h’^ve  been  along  the  lines  described  below: 

1.  deduction  in  the  time  of  stoppage  of  furnaces  and  an  increase 
in  the  oper^itional  rate  ~  Chrome-alumina  bricks  or  ya';snesia-aliimina 
bricks,  ’^rbich  ere  basic  refractories,  are  used  for  the  tops  of  the  open 
hearth  furnaces.  Th ?  water-cooled  parts  have  bem  changed  to  the  steam- 
cooled  system.  Thick  layers  of  charge  are  employed.  The  sheet  iron 
fused  f;irnace  bottom  system,  is  used,  '■'e  have  learned  the  fused  furnace 
bottom  method  from  the  Soviet  Union  and  believe  the  method  has  the  fol- 
lo”dng  definite  advantages:  (a)  FeC  can,  under  relatively  low  tempera¬ 
tures  and  ”dthin  a  short  time  period,  completely  melt  into  MgO  and  form 
a  contiiauous  solid  molten  body  so  that  magnesium  sand  grains  grow  in 
size  and  air  openings  are  filled;  and  (b^  under  oxidized  conditions  the 
ra-’gnesium  f  errite  formed  also  h'flps  to  develop  the  MgO  grains  so  as  to 
further  seal  up  the  air  openings,  ’’’’ith  regard  to  electric  furnaces, 

the  principal  measures  to  reduce  stoop-age  time  are  the  use  of  high 
alum.ina  brick  for  the  furnace  tops  and  the  holding  in  reserve  of  ad¬ 
ditional  fumac  a  bodi’s, 

2.  Installation  and  loading  of  furnace  —  Changes  have  been  made 
in  the  furnace  body  and  in  the  auxiliary  facilities  of  the  open  hearth 
furnaces.  The  furnace  top  is  raised,  the  furnace  bottom  is  made  thinner 
the  ascending  route  is  enlarged,  the  chimney  is  made  higher,  the  hoist¬ 
ing  system  is  strengthenvad ,  and  the  containers  for  holding  the  steel 
are  raised  in  height.  In  addition,  we  adopt,id  the  two-stream  or  three- 
stream  molten  steel  discharge  system,  which  lightens  the  load  of  the 
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hoisiins  sySt2m,  At  th2  pr3S.3nt  tiin3,  our  country's  squTre  motor 
fumido  bottom  sm^ll  open  hoirth  fumicos  cm  t^ko  a  chargo  of  60 
motric  tons,  ’VhorJTs  squ'^D  mjtor  fumaco  bottom  lorg^  opan 

’^-'"’rth  fnrmcoB  can  tiki  a  chafgv;  of  660  tons,  ’"'ith  rog'^rd  to  oloctric 
furnaca  inst'^llation  and  loading  probloms,  vro  first  look  ’d  into  ho’?.*  to 
mako  bast  us  a  of  tha  latant  capacity  of  tha  transform 3rsj  by  using 
more  durabla  transform 3r  oil,  vro  raro  nbla  to  improva  transformer  por- 
formanca  bv  30^^.  Second,  after  =>n  'loctric  fum.aca  is  charged,  it 
b ’comas  difficult  to  rais 3  tha  tamparatura  of  the  melting  or  smelting 
zon’j  b’,''  blor'ing  in  oxygen,  tha  temp ’nature  of  this  zona  can  ba  raised. 

3.  ^ eduction  in  the  smelting  time  —  To  achieve  this  objective  in 

open  hearth  furnace  op  .rations ,  '^e  incra.asad  tha  bant  and  reduced  the 
boiling  tirri::;  for  ordinarj^  steals,  also  eliminated  tha  pralimin’iy 
step  of  oxygen  removal,  in  electric  furaa-’c  a  op ’rations,  tha  most  im¬ 
portant  step  taken  to  cut  do’m  on  sm.3lting  time  was  the  addition  of 
oxygen  during  the  ’erocass  of  steal  refining.  Sm-jltirg  time  can  be  re¬ 
duced  by  15-20  minutes  v/hen  pure  oxygen  is  blo’eai  in:  it  can  ba  cut  by 
half  an  hour  wh  3n  a  coal  gas  oxygen  mixture  is  blo^aa  in.  ’Vhan  large 
quantities  of  oxypan  ^re  used  to  facilitate  smelting,  phosphorus  can 
be  removed  faster  ’nd  the  purifying  and  boiling  period  can  be  greatly 
shortened.  By  using  carbide  slag  that  has  been  directly  reduced  or 
carbide  slag  that  first  ainder?;ent  oxygen  removal  through  addition  of 
silicon  m.angan.’se  alloys  to  get  rid  of  oxygen  in  tha  steal,  the  reducing 
period  of  the  electric  furnace  can  be  cut  down  to  50  minutes  or  less. 

The  above  described  results  of  research  have  already  bean  widely  ap¬ 
plied  in  our  country's  electric  steel  operations;  thuse  practices  have 
been  important  in  raising  electric  steel  output. 

ii.  Adoption  of  new  techniques  —  In  addition  to  applying  foreign 
combination  steel  smelting  and  refining  techniques,  such  <as  the  combina¬ 
tion  open  he.arth-elactric  furnace  method  and  the  electric  furnace- 
electric  fumaca  method,  we  are  also  investigating  tha  combination 
technique  of  using  the  converter  together  with  the  electric  furnace. 

Our  exoarimants  shcav  that  when  converter  steal  is  processed  with  elec¬ 
tric  steal  and  slag,  the  nitrogen  and  hydrogen  content  of  tha  product 
are  low  and  oth ’r  imourities  '’re  not  much  different  from  those  found 
in  the  single  process  electric  furnace  steel.  The  conv arter- electric 
furnace  combination  raathod  of  refining  steel  seems  to  have  a  bright 
fut’.ira  from  the  viewpoint  of  increasing  the  nroduction  of  certain  good 
quality  steels.  Continuous  ingot  casting  improves  the  utilization  rate 
of  tha  steel  ingots.  In  recent  years  some  steel  plants  -"'nd  research 
organizations  in  our  country  have  started  to  make  investigations  along 
these  lines;  they  have  developed  vrtical  continuous  ingot  cesting 
machine  as  large  as  210x210  mm  in  cross  section  that  has  a  drawing  speed 
of  0. 5-5.0  meters  per  minute,  and  they  have  made  other  studies  on  ingot 
casting  techniques.  Because  a  vertical  type  continuous  ingot  casting 
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plnnt  requires  rilritivjly  lirgi  capital  invastmonts  3xp?rinionts  nars 
=lso  dona  on  horizontal  and  inclined  typjs  of  continuous  casting  raa- 
chin  ;s .  A  inclinad  mchin;  of  30°  ■'vith  a  cross  section  of  100x100 
-JT.  has  prov:n  satisfactory  in  the  axp.rimantal  stage  ^nd  preparations 
are  being  made  to  try  it  out  on  '•n  industrial  seal--. 

In  the  field  of  rolled  steel,  blooming  is  by  th.'  double  ingot 
system  ’vith  enlarged  capacities  and  improvements  in  bloom  pass  d.sign 
are  based  upon  the  principle  of  reducing  the  number  of  passes  in  form¬ 
ing  ste.l  shapes;  the  ch-'nges  made  have  resulted  in  steady  increases 
in  capacities  as  compared  v/ith  the  original  rated  capacities,  produc¬ 
tion  rates  at  present  being  t"fo  to  five  times  those  of  19U9  for  the 
seme  types  of  equipment.  In  the  p»3t  our  country  used  the  par-'llel- 
lined  rolling  mill  system  to  make  round  steel  and  ’.vire  materials  of  12 
mm  or  sm.-’ller;  only  the  regular  plates  vf  jfa  used  and  the  directing  of 
ellipticel-shaped  rolled  material  into  square  or  round  openings  had  to 
b:  done  by  hand  with  long  tongs.  Tn  195B  a  c  rtain  plant  dev  ..loped  a 
simple  and  light  plate  structure  and  improved  the  guide  plates  where 
the  rolled  steel  enters,  '’ven  6.-  mn  •»dre  materials  can  be  directed 
into  the  epanings  with  this  kind  of  nl-’te  and  many  strings  can  b^  m-’de 
simultaneously.  Prior  to  this,  the  tendency  to  make  wire  mills  is  to 
m''ka  them  work  continuously;  however,  the  continuous  type  of  mill  is 
heavy,  requires  large  elactric  motor  units,  and  involves  capital  in¬ 
vestments  sev-ral  times  those  of  parallel-lined  rolling  mills.  The 
development  of  the  above  described  plate  will  promote  the  use  of  the 
parallel-lined  rolling  mill  system. 

In  the  field  of  metal  mining,  impi*ovements  have  been  made  in  ex¬ 
traction  methods,  in  applying  nOT  t3rpes  of  equipment  and  facilities, 
in  blasting  techniques,  in  excavation  of  shafts  and  tunn.-ls,  and  in 
over-all  mining  efficiency.  In  underground  mining,  productivity  in 
19^3  was  about  three  tines  greater  than  in  1952.  In  addition,  working 
conditions  in  mines  have  been  greatly  improved. 

Reneficiation  and  smelting  and  refining  of  nonforrous  metals  have 
been  greatly  strengthened,  as  indicated  in  the  rise  in  recovery  rates 
as  wjll  3S  other  technical  and  economic  cost  indices .  To  achieve  this 
over-all  objective,  the  work  in  recent  years  has  been  along  these  gen¬ 
eral  lines  s 

(a)  Advanced  techniques  have  been  disseminated  ~  In  the  field 
of  ore-dressing,  by  using  grinding  and  milling  in  many  sections,  tin 
recovery  has  been  raised  5"^;  and  by  xising  hoai^-media  separation,  large 
quantities  of  associated  metals  found  in  tungsten  and  tin  ores  have 
been  recovered.  In  th )  field  of  smelting  and  refining,  fluosolid  roast¬ 
ing  and  hydrometallurgy  (including  dissolving  and  extraction  at  high 
pressures,  inorganic  extraction,  use  of  ion  exchange  methods,  etc.)  have 


b3'!n  widily  apolijd.  For  difficult-to-iaill  coppjr  oxido  orj 

contiinin^  hi^h  iron  in  finj  particles  is  tr.‘at:.*d  by  sulfati-  roasting 
"•nd  h'^'roTT’jtallur^  '.’■ith  tho  rjcov'ry  of  of  tha  coppjr.  Ai-'oin  for 
a  cono,r  oxx*^:)  orj  containin'?  high  copp  r  ■’nd  magn:siiim  is 
-;st^d  in  air^iOniuir  solutions  undxr  high  orjssur.:  v'ith  th?  rjcovjry 
of  3^  ''  of  tho  coppar. 

fb)  typos  of  aquipmont  h-^vo  boon  usod  —  ’’'ith  rogard  to  oro 

b ^n :ficiation  oquipmont,  tho  follo^ring  aro  used  to  an  incroasing  ox- 
t'nt;  hydraulic  cyclon 'S  Humohr?y  spirals,  bo’?-s>aapjd  <?uton?atic 
l-’und^rs,  slimo  tablas,  oloctrostatic  s  jp-'r-otors ,  magnu,'tic  soparators, 
no-r;odd  a  grindi’-'g  rnac’oihas,  ate*  For  oxamplo,  at  a  cortain  alluvial 
tin  rin.;,  tho  avarag.j  rodovoi!*y  rate  has  bp^^n  raisod  lii"^  through  tha 
us.’  of  spiral  soparators  in  tho  placo  of  tho  original  laundors.  For 
tho  milling  oporations  of  a  contain  load-zinc  nino,  hydraulic  cyclonos 
woro  used  to  aid  rogrinding  of  vrious  middlings  'vith  tho  rosnlt  that 
rooovory  ’'as  raisod  1-2  ".  ’’fith  regard  to  motallurgy ,  by  using  fuming 
fumocjs  to  volatilize  load-zinc  oro  dir.'ctly,  tho  lo"’d-zinc  volatiliza¬ 
tion  rato  can  roach  90'o. 

(c)  Thoro  has  boon  a  dovolopmont  o.f  .Flotation  agonts  —  Investiga¬ 
tions  on  tho  manufacturo  of  flotation  agonts  ‘voro  m'’do  on  tho  basis  of 
utilization  of  indigenous  raw  materials,  Icm  production  costs,  ■>nd  high 
efficiency.  Tith  regard  to  making  ”yollo*.7  acid  salts,”  avo  employed 

tho  method  of  not  using  a  diluting  agent  and  insto->d  produced  a  direct 
formation  through  vigorous  stirring  and  lov;  temperature  conditions; 
products  can  be  directly  used  avithout  undergoing  drying.  A  low  solidi- 
fiction  point  fatty  acid  made  from  soybean  oil  os  raw  material  is  very 
suitable  for  use  in  oro  dressing  plants  located  in  cold  regions.  The 
fatty  acid  m'-do  from  soybean  oil  can  be  made  into  a  .Further  product,  a 
sul.furizod  soap  of  fatty  acid,  ’"hich  has  the  special  characteristics 
of  strong  ■'dsorption  or  collection  properties  and  therefore  low  con¬ 
sumption;  this  oroduct  is  c'’rticul'’rly  good  ’='^on  the  mater  used  is  hard. 
If  this  reagent  m  er  ."-  used  to  flo'^t  .fluorite  in  h-’rd  "fator,  the  fluorito 
recovery  rate  can  re'^ch  92"',  or  7'f  higher  than  r ecoveri^es  obtained 
through  r'agonts  previously  lesed.  Throught  th  ’  use  of  an  oxidized 
ac'tate  fatty  acid  and  oxidized  rosin  soar  to  float  hem.atite,  recovery 
of  iron  c^n  r  each  90^, 

(d)  T’aere  has  been  an  improvement  of  production  flov’sheets  and 
smelting  ■•nd  refining  methods  —  Fuch  i7ork  has  been  done  along  these 
lines.  For  example,  t^e  use  of  sodi-iem  s'il''’ide  in  b enefici-'ting  a 
m.ixed  cooper  molybdenum  (crude)  concentr''te  enabled  the  racovery  of 
97-93‘’5  of  the  copper,  92-93  '  of  the  molybdenum,  ■'nd  93-9U"’  of  tho 
cobalt.  Through  employing  a  combin'^tion  flo"’sheet  of  flot'^tion  and 
ammonia  bath  on  difficult-to-beneficiate  oxidized  copper  ore,  copper 
recovery  was  raised  about  30'^  ov-r  th.at  achieved  avith  simple  flotation. 
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In  sm.'lting  ’nd  nsfining,  by  improving  smolting  procjdur3S  in  blast 
furn‘'c.;  opintions,  thj  rocovjry  in  crud  .*  Ij'-d  h‘’s  bison  from  tho  90*9^ 
in  19?2  to  96  '  at  pros  'nt.  By  improving  tho  quality  of  tho  chargo  and 
'•'is’n';  tho  tonn'raturj  in  tho  distill ■■tion  rjtorts  in  tho  top,  niddlo, 
';d  hotton  soctinns,  production  from  zinc  rotorts  has  boon  incro^sod 
UO  '  ov.r  tho  original  dosignod  capacity  and  tho  zinc  contont  of  tho 
r:’siduo  has  boon  Icnvorad  from  6-3'"  to  1.9''. 

In  tho  oloctiaolysis  of  aluminum,  on  tho  basis  of  looming  tho  Soviot 
mothod  of  lo’-'oring  tho  proportion  of  sodiujn  fluorido  and  alumin-on  fluo- 
rido,  '.a.^  studied  tho  offoct  of  •>dditivo  aaonts  on  ;l_-ctrolyt as .  By 
using  gnosiam  fluorido  in  tho  pl'co  of  c'-lciur.  fluorido  ’’s  tho  addi¬ 
tive  '  nt,  tha  molting  point  of  tha  oloc'.roly to  can  bo  substantially 
roducod.  making  improv::*  onts  on  tho  oloctrolyto — raising  tho  oloc- 
tric  currant  d  onsity  frov  0.977  '^mporo  oor  square  mr  to  1.09  .amnoro — 
tho  tomporaturo  of  th  *  oloctrolyt^  boc'”ao  slightly  lo"'..'r  ^nd  tho  cur- 
r  nt  ifficionev  vns  raisod  2-3 Asido  fror»  lo‘".:ring  tho  molting  point 
of  th"'  -loctrolvt : ,  tho  "iddition  of  m'^gnosium  fluorido  helps  to  sopar^'to 
tho  carbon  r’siduo  so  that  tha  consumntion  of  '’luminun  fluorid 0  is  ro- 
d'jcod  ”  dlo-'r-Tis  p  r  motric  ton  of  aluma'nur  '■nd  tho  action  of  tho 
1  .ctric  curr'nt  is  battor  st^bilizod.  Another  tochnic":!  dov.lopmont 
in  tho  loctrolysis  of  .al'ua.in'or.:  is  that  '-rj  havo  an  operational  m  thod 
’•r’-^ich  substanti->lla/  oliminitos  tho  anode  phonomonon  f roducod  from  tho 
provio'us  l.a  to  loss  than  0.03,  and  in  soma  ol 'ctric  colls  th  ;  anode 
ph.’nomonon  is  complotoly  aliminabod).  As  a  rosult  of  "'ll  those  i.m- 
nrov;m;nts,  tho  avjr'go  reduction  in  voltag  is  about  0,19  volt  ’"ith 
corresponding  lo-'.ring  of  ol  ctric  onorgy  consnm-ption.  horo  important, 
the  affici  ncy  of  th.  a  norcurj'-  rectifiers  has  boon  raisod;  for  th  ' 
plants  in  axistonc;,  "e  9'"'  increase  in  tho  electric  colls  does  not 
roquiro  installation  of  additional  roctifiors. 


C .  Incro^so  Product  V'eriat^’-  and  B'ejso  "'u'^lity 

In  1992  our  co’ontry's  I'-inist.Tp'  of  Hoa'/y  Industry  formally  pro¬ 
claimed  st''nd'rds  for  s 'van  categories  of  alloy  steel  "ind  r  .l'tad  orod- 
ucts ,  which  totaled  199  nlloy  stool  items.  The  st->nd''rds  issu  d  ■■roro 
based  upon  Soviet  standards:  the  toTJOs  of  'llov  steel  listed  include 
primarily  nick 'l-chrome  sto el  items.  In  the  early  years  of  development, 
in  order  to  learn  from  Soviot  oxporionco  in  tho  o->siast  manner  ■’nd 
unify  tochnicl  sp.-cifictionr ,  wo  oursuod  this  policy  of  copying  Soviot 
st'’ndards,  which  proved  to  be  ontir  ly  correct  v.-ith  reg-i’d  to  attaining 
the  obj  ;ctive  of  r''pid  industri"’.!  development.  At  the  s'’mo  time,  "'■a 
rj''lizo  f^at  our  nickel  ■'nd  chroma  resources  m.ust  bo  further  developed; 
as  sto'l  production  rises  and  nroduct  variety  incro‘'S’S,  ore  h'’V5  to 
establish  n a-'  alloy  steel  system.  S'ditablo  to  our  country's  o^'n  rin- 
'r'’!  resaurcos.  Therefor;,  in  1993  "'J  began  rosoarch  on  nickel-chrome 
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substituta  alloy  stajl  products.  During  19?7-'53,  tha  Ministry  of 
Fatallurgicil  Industry,  tha  China  Acadany  of  Scijnca,  and  the  First 
Ministry  of  Machine  Industry  on  thr?)  occasiens  celled  special  meet- 
engs  to  disci: jS  problers  related  to  substituting  other  metals  for 
rick)l  and  chromium  in  the  making  of  alloy  steels,  and  greatly  pushed 
the  invastig'-tions  along  those  lines.  In  19*13,  drawing  from  conclu¬ 
sions  and  experiences  based  upon  the  production  and  utilization  of 
alloy  steel  in  our  countiy  during  recent  years  and  learning  from  the 
advanced  experience  of  tha  Sova,>t  TTnion  and  the  Democratic  Republic 
of  Germany,  -we  first  determined  individual  systems  for  special  steels 
and  finally,  through  considering  the  resources  in  our  country',  es¬ 
tablished  a  neu  integrated  over-all  alloy  steel  system.  In  the  new 
S7/stjm,  aa)  standardized  2Li6  item.s  of  alloy  steel  products,  divided 
temporarily  into  nina  main  categories:  alloy  structure  steel,  low- 
alloy  high  strength  steel,  alloy  tool  stael,  high  speed  tool  steel, 
rust  and  acid  resistant  steel,  heat  resistant  and  non-peeling  steel 
and  electric  heat  steel,  low  alloy  steel  rails,  ball  bearings,  and 
shaft  and  bearings  steel,  and  spring  steel. 

In  recent  years,  we  have  made  a  number  of  new  steel  products  on  an 
experimental  basis  which  contain  either  no  nickel  and  chromium  or  have 
reduced  amounts  of  nickel  and  chromium,  including  more  than  ton  items 
vdthin  the  above  described  nine  categories  that  have  already  been  placed 
in  production.  The  development  of  the  v-rious  categories  of  alloy  steel 
products  in  our  country  is  described  roughly  as  follows: 

1,  Alloy  structure  steel  —  In  the  neav  draft  plans  on  standard 
items,  ther)  is  no  nickel  alloy  structure  stool.  In  making  machinery 
in  the  past,  seven  types  of  chromium,  and  nickel-chrome  steels  that  have 
been  used  to  a  great  extent  have  baan  substituted  by  manganese  steel, 
silicon-manganes  :  steel,  m.anganes e-vanadium  steel,  boron  steel,  etc., 
so  as  to  save  chromium  and  nickel. 

2.  Low-alloy  high  strength  steel  —  In  the  nev/  draft  plans  on 
standard  it -ms,  th  ;re  are  thirteen  steels  belonging  to  the  low-alloy 
high  strength  category  that  primarily  use  mangines;,  silicon,  etc., 
as  the  main  alloying  elements;  some  special  types  of  steel  in  this 
category  also  contain  copper,  aluminum,  and  titanium  as  alloying  ele¬ 
ments  . 


3.  Alloy  tool  steel  —  Wo  have  developed  nev:  items  containing 
relativjly  little  nickel,  no  chromium,  and  primarily  silicon  and  manga¬ 
nese.  For  example,  v:e  used  603iI;nV  to  substitute  in  part  for  the  uses 
of  55CrNil\-o;  also,  in  high  speed  steel  ave  added  silicon  or  molybdenum 
so  as  to  save  some  chromium. 
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h.  bearing  staal  —  Tha  usa  of  carbon  steals  has  baan 

pushed.  For  axanipla,  wa  are  amploying  iSCrtMi,  2XrMnMo.  and  other 
alloys  for  making  ralativaly  high  quality  bearing  and  shaft  steals. 

■'sr,  -,i3Q  studying  prasantly  used  steal  products  of  this  category 

as  to  how  to  reduce  the  proportion  of  chromium  and  instead  use  alloy¬ 
ing  alem-jnts  like  silicon,  manganese,  etc. 

Rust-proof  steal  —  The  main  objective  is  to  save  nickel  and 
the  measures  taken  are  along  the  folloaving  three  lines;  (a)  increase 
product  variety  and  greater  utilization  of  "iron  element  body"  rust- 
oroof  steelsj  (b)  push  the  use  of  rust-proof  steels  of  the  "Ao-ssu 
bodv"  ta/pe  which  contain  reduced  amoaints  of  nickel  or  no  nickel,  as 
for  example  the  expanded  use  of  Cr*-Mn-F  "Ao-ssu  body"  steels;  fc)  in¬ 
crease  the  production  -and  utilization  of  "fu-ho"  steel  plates. 

6.  Heat  resistant  steels  —  (o')  Development  of  the  "iron  element 
body"  and  "pearl  light  body"  types  of  heat  resistant  steels  with  a 
view  to  improving  their  heat  resist''nt  qualities  has  been  promoted. 

For  example,  v/e  made  appropriate  changes  on  the  12Gr?’^oV  steel,  in¬ 
cluding  adding  other  alloying  elements,  and  wj  made  a  new  heat  resist¬ 
ant  steel  which  at  a  temperature  of  ^80°C  and  a  load  of  35  kilograms 
per  squ'’re  mm.  can  withstand  breakage  for  m-ore  than  700  hours,  (b)  To 
save  chromium,  we  studied  the  possibility  of  coating  hard  chromium  on 
low  carbon  tungsten-erhome-vanadium  steal  as  a  substitute  for  lCrl3  es 
a  material  for  making  steam  turbine  blades,  (c)  Developed  new  heat 
resistant  series  of  steel,  as  for  example  research  on  the  three  ele¬ 
ments  of  Fe-"’-Si.  (d)  Improved  the  properties  of  the  Cr-Mn-C-'’'  'hiO-ssu 

body"  tvpe  of  heat  resistant  steels,  especially  with  regard  to  brittle¬ 
ness  at  high  temperatur js . 

7.  Fon-peeling  steel  and  electric  heat  alloy  steel  —  Fliminated 
the  series  on  high  nickel  steels,  and  introduced  a  series  of  products 
containing  elements  like  .aluminum,  silicon,  titanium,  chromium,  otc. 

•'"'n  the  foundation  of  the  Fe-Cr-Al  electric  heat  alloys,  investigations 
are  made  on  using  Fe-Al  as  a  base  but  reducing  or  eliminating  the 
chromium  component  in  making  better  heat  resistant  .alloys. 

Und  :r  the  I'^p  forward  production  conditions  in  our  country'’  where 
new  output  potentials  are  steadily  being  developed,  the  problem,  of 
m'^intaining  and  improving  product  quality  is  complicated  and  difficult. 
To  adjust  to  these  conditions,  the  metallur ;rical  -"'orkers  in  our  country, 
ev  T  since  the  beginning  of  the  .First  .Five-Fear  Plan  period,  have  made 
speci'^l  efforts  to  develop  mor  ’  favorable  circumstances  to  cope  with 
the  problem.  For  oxamole ,  the  techniques  related  to  determining  the 
gas  and  impurity  contents  of  stnels  are  mastered  and,  in  fact,  im¬ 
proved;  changes  in  hydrogen  content  of  st^eels  during  the  various  pro¬ 
duction  stages  are  being  better  understood;  .and  improvements  are  made 
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in  inalyticjl  ani  inspaction  methods  ivith  rag'^rd  to  staols  and  furnace 
rosiduas.  ■'’■'’ith  regard  to  tha  oroblam  of  hydrogan  content  of  steels, 
systaiT>'’tic  invasti-^tions  have  baen  made  to  trace  the  source  of  hydTO-- 
g m  in  tha  various  stagas  of  production  ’nd  tha  distribution  of  hydro¬ 
gen  in  the  steel  ingots;  ne-?  specifications  on  tha  hydrogen  content 
of  steals  i^ere  formulated.  Results  of  investigations  shcv/  that  the 
process  of  solidification  has  n  determining  influence  on  the  hydrogen 
content  of  the  steel  ingot,  and  the  distribution  of  hydrogen  in  the 
"receding  fire"  /t'uoi-huo7  steal  ingot,  aside  from  follo-'ving  the  prin¬ 
ciple  of  dispersion,  a*;ill  also  be  affected  by  the  compactness  of  the 
internal  p^rt  of  tha  steal  ingott 

In  tha  investigitions  on  reducing  deleterious  elements  in  large 
size  "boiling"  steel  ingots,  '■•;e  developed  a  method  contrary  to  the 
traditional.  The  method  involves  the  blov/ing  in  of  oxygen  or  com¬ 
pressed  air  at  the  head  part  of  the  not  yet  solidified  steel  ingot  to 
intensify  the  boiling  action  so  as  to  remove  a  large  proportion  of  the 
sulfur,  phosphorus,  -and  carbon;  results  achieved  by  this  method  are 
much  better  than  those  by  the  method  of  depressing  "boiling"  cf  steel 
ingots.  As  for  the  source  of  oxygen  vhich  serves  to  oxidize  the  de¬ 
leterious  elements  in  the  steal  ingot  "boiling"  operations,  investiga¬ 
tion  results  prove  that  wh-at  people  formerly  thought — that  70%  of  the 
oxygen  com3s  from  the  air  —  is  basic-ally  correct. 

In  electric  furnace  smelting  operations,  the  method  of  first  rid¬ 
ding  oxo'gen  and  then  making  reduced  slag  —  an  integrated  oxj'gen  re¬ 
moval  method  —  has  been  further  developed  in  our  country.  As  applied 
to  the  smelting  and  refining  of  ball  bearing  steel,  this  method  has 
cut  the  impurities  in  half  •'■'hile  shortening  the  reducing  period  to 
less  than  minutes.  Inv ■’stig-’tions  on  the  use  of  carbide  to  directly 
make  the  reduced  slag  prove  that  -as  long  as  the  calcium  carbide  content 
is  satis-^actoip/  '•nd  a  "u'hite  slag"  is  assured  during  the  reducing  stage, 
the  furnacj  slag  or  residue  containing  calcium  carbide  "vill  not,  like 
some  research  •'■^ork  has  indicted,  enter  into  the  steel  solution  or  melt 
and  can,  in  addition,  have  a  strong  effect  on  sulfur  removal. 

Studies  on  the  problem  of  lines  developing  in  alloy  steels  have 
helped  us  understand  the  characteristics  of  these  lines  or  cr''cks  and 
the  conditions  under  which  they  are  formed.  In  line  with  the  produc¬ 
tion  conditions  in  our  country,  improvem.ents  have  been  made  in  methods 
of  oxygen  removal,  shape  of  ingot  dies,  and  further  processing  pro¬ 
cedures;  ■'s  a  result,  the  problem  of  linos  developing  in  certain  alloy 
structure  steel  has  entirely  been  solved.  By  introducing  a  series  of 
measures,  such  -‘.s  blowing  in  of  oxygen  in  smelting  and  refining,  im¬ 
proving  reducing  or  reduction  operations,  adding  titanium-iron  before 
steel  is  turned  out,  raising  the  temperature  of  producing  steel  and 
the  casting  temperature  V'fhen  possible,  enlarging  the  foms  for  steel 
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ingots,  reducing  thickness  of  tho  forms,  tho  lin  .’S  in  high  chromium 
non-rust  stoal  can  bi  graatly  raducad  ■’nd  tha  ratio  of  stool  raatorials 
made  according  to  sp acifications  can  roach  more  than  90%,  Thj  rosults 
of  invastigatinns  also  point  out  that,  for  high  chromium  non-rust  stool 
r jfinod  -and  cast  und ar  vacuum  conditions  of  30  mm  m.-rcuiy  prossuro  or 
lass,  tho  linos  can  bo  antiroly  oliminatod. 

Regarding  tho  problom  of  fino  crystals  formed  in  high  alloy  stools, 
tho  addition  of  small  quantities  o^  titanium  to  iron-chromiu>a-aluminiun 
alloys  vary  clearly  improves  tho  crystal  formation  phenomenon  of  tho 
ingots  and  greatly  reduces  cracking  in  hot  tempering.  At  the  sam.a  time, 
the  aluminum  cont  ent  of  the  above  described  alloy  is  r'>ised  and  ■'vhen 
the  alloy  is  draavn  into  vrlra  th"*  recovery  in  finished  products  can  at¬ 
tain  more  than  60^^;  tho  alloy  ’-ehen  tested  for  "life"  under  standard 
conditions  can  maintain  its  strength  at  1,170^C  for  more  than  200  hours, 
^■ith  regard  to  raist-proof  heat  resistant  steel,  methods  to  improve  the 
consistency  of  the  steel  ingots  in  teras  of  fineness  and  homogeneity 
of  the  crystals  incTud>  emoloying  a  "yin-jni"  agent,  adding  of  rare 
earth  allovs  or  rare  earth  oxi'^ized  materials,  and  the  use  of  the  vi¬ 
brating  casting  method.  For  examoli,  rre  tried  to  eliminate  or  reduce 
unsystematic  crystallization  in  l8Gr’-iV  steel.  The  use  of  suparsonic 
tachniques  has  been  started 5  not  long  ago  a  large  scale  supersonic 
vibrating  installation  (30  kiloaeatts  and  20,000  frequency)  ’vas  made  on 
a  trial  basis  in  our  country.  Some  pr .'limin.ary  conclusions  have  been 
drawn  from  experiments  in  steel  plants  to  make  finer  crystal  ingots, 
to  eliminate  occlusions  of  gas  in  steel,  and  to  reduce  carbonaceous 
materials . 


In  silicon  sheet  steel,  by  using  vacuum  processing,  vacuum  cast¬ 
ing,  end  heat  application  methods,  we  h-’ve  made  on  a  laboratory  scale 
basis  a  hot  rolled  silicon  sheet  steel  of  0.35  nim  thickness  which  has 
an  iron  loss  of  P,q  =  0,68  -  n.73  watt  per  kilogram.  At  the  same  time, 
we  have  made  a  cold  rolled  silicon  sheet  steel  of  0,06  -  0.08  imn  thick¬ 
ness,  which  has  a  "oh ’u-hsiang-tu"  ^h'u  means  take,  hsiang  means 
direction,  and  tu  means  degree/  of  9h'^-  -nd  a  "two  peak"  ratio  of  1.25 
for  the  magnetic  torque  curve,  ’’^^ork  on  the  above  projects  is  being 
done  on  a  larger  scale  so  that  thes<}  and  other  methods  can  be  eventually 
employed  in  production. 

Conv.'rtir  steel  occupies  an  important  position  in  our  country. 

■"’’e  have  adopted  automatic  recording  and  automatic  control  to  improve 
converter  op’ratiens,  especially  with  regard  to  product  quality.  Vari¬ 
ous  research  units  in  our  countr:/  have  jointly  conducted  investigations 
on  this  subject  and  have  fonnulated  and  made  on  a  trial  basis  .a  series 
of  systems  and  instruments,  including  the  following  items:  ( use  of 
the  ultra  red  radiation  high  temperature  instrument  to  determine  and 
automatically  record  flame  and  steel  melt  temperatures;  (b)  use  of  the 


''doubl^  color"  hi^^h  tamp^nturo  instrument  ind  its  "w"  curvo  mathod 
to  determine  when  to  stop  blo-vring  in  eir  or  wind  (control  of  end 
noint  of  blowing  ond  high  cirbon  stoppage  of  wind);  (c)  adoption  of 
t^' j  Frjnch  "^^olvme  Debitgroph"  air  or  wind  volume  determination  and 
recording  method  (which  •’Iso  records  occunulative  air  quantity);  (d) 
use  of  a  supersonic  "liquid  surface"  instrument  and  wind-pressure  type 
"liquid  surface"  instrument  on  a  comparative  b-'sis  to  determine  the 
"kang-shui  yah-mien"  ^teal  water  liquid  surf.ac^/j  and  (o)  use  of  al¬ 
ternating  current  electric  bridge  installation  and  secondan,’’  instrument 
to  automatically  record  the  tipping  angle  of  the  conv  rtor,  the  ac¬ 
curacy  of  which  is./  The  practical  application  of  these  control 

systems  and  instrunvants  are  in  the  process  of  investigation. 

From  the  above  it  is  seen  that  the  advance  of  metallurgical  science 
and  techniques  in  our  country  during  the  last  ten  years  has  been  very 
rapid  and  the  achievements  heave  been  great.  Although  the  army  of  work¬ 
ers  in  metalliirgy  are  still  relatively  young,  they  hove  already  suc¬ 
cessfully  assumed  the  r jsponsibilities  of  constmiction  and  development 
assigned  to  them  by  the  country  and,  at  the  same  tine,  achieved  re¬ 
sults  of  a  revolutionary  nature.  The  main  reason  for  this  success  is 
the  correct  leadership  of  the  Party  and  the  superiority  of  the  socialist 
system.  The  sincere  and  ainselfish  help  given  by  brother  socialist 
countries,  particul''rly  that  given  by  the  Soviet  Union,  is  part  of  the 
whole  picture. 

Although  we  have  achieved  outstanding  results  during  the  last  ton 
years,  our  work  has  a  number  of  weak  sectors  when  viewed  on  the  over¬ 
all  basis  of  metallurgy  and  in  some  fields  levels  in  our  country  are 
still  at  a  definite  distance  behind  those  of  advanced  countries.  ^3 
believe,  however,  that  under  the  correct  leadership  of  the  Chinese 
Coffi^’unist  Party  and  in  line  with  the  rapid  progress  of  socialist  con¬ 
struction  in  general,  the  technological  level  of  metallurgy  in  our 
coimtry  ’wiH  advance  further  at  a  very  rapid  oace  so  that  one  will 
find,  in  the  -^'orld  treasure  house  of  science  and  technology,  more  and 
more  contributions  from  our  coaintry. 


